Torrefaction and hydrothermal carbonization (HTC) are productive methods to reclaim energy from lignocellulosic biomass. The hydrophobic, homogenized, energy dense and carbon rich solid fuel can be obtain from torrefaction and hydrothermal carbonization. Dead leaves were carbonized in a stainless steel reactor of volume 200 ml with torrefaction On the basis of pore size distribution of the chars, the definition of the International Union of Pure and Applied Chemistry (IUPAC) was used as a classification standard. The pore diameter was ranging within 11.09-19 nm which play important role in water holding capacity in soil. Larger pores can hold water and provide passage for small pores. Therefore, it can be concluded that high pore size char can be obtained my HTC process and high energy content char of 22.01 MJ/Kg with 34.04% increase in energy can be obtain by torrefaction process.
Introduction
In current energy demand the world is suffering from two key challenges: energy supply and sustainability. Fossil fuel reserves are getting limited and their worst environmental impacts boost the use of biomass, which is the most abundant energy resource Toufiq et al. (2013) . The socio economic development of any country is greatly dependent on it self-sufficiency in energy sector. The Worldwide fuel needs is keep increasing at fast rate (29.75 billion barrels oil in year 2011 and projected to increase about 34.90 billion barrels in 2030). This rapid increase in primary energy consumption has magnified concerns about the environmental consequences of fossil fuel extraction and use Luterbacher et al. (2009) . In the past, biomass has been the fourth largest source of energy in the world with 10-14% of total energy consumption, with coal by 12-14%, natural gas by 14-15%, and electricity by 14-15% (Mafakheri and Nasiri, 2014) . After the nuclear disaster in Japan, Germany decided to abandon all its nuclear reactor till 2022 and would like to achieve the energy demand by other forms of energy like natural gas, wind, solar, coal, biomass and hydroelectric Oliveira et al. (2013) . The world largest solar farm named as Ivanpah Solar Electric Generating System (ISEGS) in Mojave Desert of California opened early this year. This solar plant can provide energy to 140,000 homes in an hour.
Furthermore it can reduce carbon dioxide emissions to 400,000 tons per year. The bioenergy is considered to be an effective way to solve the present energy crisis and other related environmental problems (Zhang and Changfu, 2013) .
Biomass includes wood, municipal and industrial waste, forest and agriculture residue as an upcoming alternative fuel for coal. Biomass in rural areas is primarily used in unscientific way for heating and cooking. Nevertheless the biomass usage in an industrial sector is an utter demanding Basu et al. (2014) . If a biomass can provide a large quantity of the world's energy supply, then dedicated crops must be cultivated for energy purposes McKendry et al. (2002) . 
Material and Methods

Biomass
Mixtures of different leaves in autumn season were collected from different locations in Seoul. These leaves were mixed thoroughly and grinded to acquire size less than 2 mm. All the grinded leaves were placed in oven for 24 hours at 105 o C prior to carbonization process Lui, and Balasubramanian (2012).
Dry Torrefaction
After drying of the grinded leaves in an oven for 24 hours at 105 o C as a preliminary treatment to completely eliminate the moisture content from biomass, the dried biomass of 7 g was placed in a stainless steel reactor (200 ml) for dry torrefaction. Dry torrefaction was carried out at different temperatures ranging from 250-270 o C with residue time for 120 minutes. After the isothermal process, the reactor was immersed in a water tub for rapid cooling and solid samples were collected and stored for further analysis.
Hydrothermal Carbonization
HTC of dead leaves was also performed in stainless steel reactor (200 ml). Biomass of 7 g and 35 ml of hot deionized water (1 : 5 w/v) was loaded into a reactor and carbon- 
Analytical Methods
The solid samples went through pH, Electronic conductivity (EC), yield, elementary analysis, ash content, surface area, cation exchange capacity (CEC), energy yield, energy densification ratio and energy content.
The pH and EC both were measured at the same time using digital meter. 1 g of solid sample was added in a 20 ml of de ionized water. This solution was equilibrated for 
Results and Discussion
HTC and Dry torrefaction of dead leaves were carried out at different temperatures. All the analytical experiments were performed in triplicate and mean values were extracted.
All the physical properties of solid samples are given in Table 1 Water holding capacity of the soil can be increased dramatically if the solid char is being added to soil. Limited amount of research is available on the water holding capacity of biomass Karhu et al. (2011) . Solid char is a kind of porous media which can hold the water in its pores and afterward increase the water content of the soil, while on the other hand char added to the soil will attach to other soil constituents and will improve the structure of the soil, which in return increase the soil water holding capacity. The main factors that influence the water holding capacity are; total pore volume, surface functional groups, surface area and porosity structure. (larger than 50 nm) Rouquerol et al. (1999) . Pore diameters of all the samples are given in Table 2, 
Conclusion
HTC and torrefaction are propitious methods to convert lignocellulose biomass to high dense solid fuel for subsequent thermochemical conversion. In both processes temperature significantly affects the product distribution and character of solid product. In HTC process mass yield was greater than torrefaction process. However the energy content of torrefaction char was much higher than HTC char.
Biomass has increased carbon content indicating that the biomass has been transformed into a fuel with resembling to coal. Torrefaction char showed similar energy content with lignite coal. The energy densification ratio and energy yield was also higher in torrefaction process than HTC process.
The pore volume and pore diameter values of HTC process were higher than torrefaction. So HTC char can be favorable to hold moisture and increase water holding capacity when char is applied in soil as compare to torrefaction process. Thus, it can be concluded that dead leaves can also be converted to low rank coal with torrefaction process.
This study analyzes on the initial scoping experiments;
there is no attempt to optimize the conditions of torrefaction in particular reaction kinetics. To demonstrate techno economic feasibility mass and energy balance of both HTC and torrefaction and subsequent thermal conversion process (gasification or fast pyrolysis) must be scrutinize as well.
